SUMMARY Study was conducted to investigate the effects of different salinity levels on larval survival, and to compare the larval morphological characteristics of the mangrove sesarmid crabs, Chasmagnathus convexus, Perrsesarma bidens, and Neosarmatium indicum, under laboratory conditions. The highest survival rate with the shortest duration was recorded at 20-25%o for C. convexus, at 25-30%o for P bidens, and at 20-25%o for N. indicum. Morphologically, the first zoeae of these species are similar to those of other sesarmid species, lacking lateral spines .on the carapace (except C. convexus), and bearing 0,1,6 setae on the endopod of the second maxilliped.
INTRODUCTION
Crabs of the subfamily Sesarminae are important components of the mangrove ecosystems.) Adults of many sesarmid crabs are well adapted to a terrestrial existence and live several kilometers away from the coast, but return to the sea to release their larvae into the marine plankton. 2 Chasmagnathus convexus (De Haan) is an estuarine sesarmid crab that is found in Okinawan mangroves and lives in burrows constructed in the reed marshes above the high water mark.3 This species is distributed in Japan, Korea, China and Taiwan 4 Perisesarma bidens (De Haan), also a mangrove sesarmid, most common in Okinawan mangal, lives in muddy flats near the estuary. This species is widely distributed in the Indo-West Pacific mangroves, including the Bay of Bengal, the Andaman Islands, Sri Lanka, India, Malay Archipelago, the Philippines, Hong Kong, Korea and Japan.4 Neosarmatium indicum (A. Milne Edwards) is the intertidal mangrove sesarmid," uncommon in Okinawan mangal, inhabiting the deep holes in the banks of brackish swamp near its entry into the sea,6 is distributed in the Indo-West Pacific including Indonesia, Singapore, Malaysia, Taiwan, Hong Kong, the South China Sea, and the Indian Ocean."
Salinity is an important environmental ?arameter for larval development of estuarine crabs . Several publications have addressed the effects of salinity variations on larval development of other sesarmid species2 7-9 The morphological development of some sesarmid crab larvae has also been described .l0.13
Because of the ecological importance of C . convexus, P bidens, and N . indicum in estuarine and mangrove ecosystems, we conducted the present study to investigate the influence of salinity variations on larval survival, and to describee and compare the larval morphology with other sesarmid species. The highest larval survival rate of C. convexus, P bidens, and N. indicum were found at 20-25%0 (Fig.  1) . The shortest duration was recorded 28 days at 20%0 for C. convexus, 18 days at 25%o for P bidens and 28 days at 25%o for N. indicum (Fig. 2) . The morphology of the first zoea is described in detail (Figs. 3-5) . Distinguishing setal features of zoeal stages of these species are represented in Table 1 .
USSION
Differences of salinity levels (0-35 %o) significantly influenced the larval development of C. convexus, P bidens, and N. indicum. Moulting to the first crab stage occurred at a wider range of salinities: 15-35%0 for C.
convexus, 10-35%o for P bidens and 5-35%o for N. indicum than that of other sesarmid species, except Armases miersii. 8 The highest larval survival rate was recorded for zoeae to megalopa at 20-25%o in C. convexus, at 25 30%0 in P bidens, and at 20-25%o in N. indicum, while larvae of Helice leachi and H. formosensis were able to develop through metamorphosis at 15-30%x.10 Larval development of C. convexus, P. bidens and N. indicum completed at 15-35, 10-35 and 5-35%0, respectively, whereas the development completed at 20-32%0 by Sesarma angustipes, although its larvae died at lower salinities (10%o) and at 32%0.7
Our results indicate that the late zoeae and megalopae prefer a lower salinity to the early zoeae. The salinity of the Nuha River and the Waku Salty Spring is nearly 10-20%0, which is lower than seawater and relatively similar to the rearing water. Hence, the present results suggest that the larvae of C. convexus, P. bidens, and N. indicum develop in estuarine water and return to the mangrove swamp at the megalopal stage, where they spend the rest of their life.
The overall morphology of C. convexus first zoea is similar to those of other species in the genus Chasmag. nathus, all of which have a lateral spine on the carapace (Fig. 3) . Of the species in the genus Neosarmalurn, larval morphology is known only for N. meinerti .ll Morphology of the first zoea of P bidens and N . indicum is similar to those of N. meinerti and other Sesarma species without carapace lateral spine. 11 The zoeal larvae of the family Grapsinae have been divided into four groups on the basis of their morphological characteristics. 14 The first two groups are relatively homogeneous and correspond roughly to the subfamilies Grapsinae and Plagusiinae, respect tively.10-11 The remaining two groups comprise a rather heterogeneous array of morphological characteristics , and include genera from the subfamilies Sesarminae and Varuninae.'° " Separation of the latter two larval groups could not be justified, and thus, all sesarmid and varunid larvae were grouped together into a single subfamilial division. 14 Based on distinct larval characteristics, the genera Sesarma, Perisesarma and Neosarmatium are classified into a subgroup within the sesarmid-varunid group.11 Zoeal larvae of these genera share: no lateral carapace spine; 2+3 setae on the endopod of the maxilla; 2,2,3,3 setae on the basipod of the first maxilliped; and 3+3 setae on the posterior margin of telson throughout the zoeal development (Figs. 4, 5) . A second subgroup within the sesarmid-varunid group includes the genera Chasmagnathus and Helice identified by Rice. 14 Zoeal larvae of these genera share: lateral carapace spine; 2+2 setae on the endopod of the maxilla; and three or more pairs of setae on posterior margin .of telson in the later stages (Fig. 3) . 
